• 



ANGLE 



360° 




TIME 



FIG.1 



LPF INPUT PHASE AND CORRECT OUTPUT PHASE 

(FOR A RANGE OF FROM 0° TO 360°) 

LPF INPUT PHASE AND CORRECT OUTPUT PHASE 

(WITHOUT LIMITATION TO RANGE) 

NORMAL LPF OUTPUT PHASE 

(FOR A RANGE OF FROM 0° TO 360°) 




LPF OUTPUT TAKING WRONG COURSE NEAR 360° 



FIG.2 



ORIGIN 
DETECTION 
HEAD 



17 



ORIGIN 
SIGNAL 



SCALE 



SECOND 
POSITION 
DETECTION 
HEAD 



16 



FIRST 
POSITION 
DETECTION 
HEAD 



15 



COS SIGNAL 



SECOND 
ANALOG/DIGITAL 
CONVERTER 
SECTION 



SIN SIGNAL 

-4 



FIRST 
ANALOG/DIGITAL 
CONVERTER 
SECTION 



COS DATA 
(10 BIT) 



SIN DATA 
(10 BIT) 



POLAR CONVERSION SECTION 



ANGLE 
DATA PJ 



PLL 
LOW-PASS 
FILTER 



10 



\ 



PE 



AMPLITUDE 
DATA LI 



NOISE 
DETECTION 
SECTION 



CLP 



f 



8 



FILTER 
CONTROL 
SECTION 



SMOOTHED ANGLE 
DATA PF 



RESPONSE 
LIMITING 
SECTION 



11 



IH 



f 



9 



RESPONSE LIMITED 
ANGLE DATA PH 



OUTPUT PULSE 
GENERATING 
SECTION 



I 



I 



REFERENCE 
ORIGIN PULSE 



TWO-PHASE 
INCREASE 

AND 
DECREASE 
PULSE 



FIG.3 




FIG.5 



ORIGIN 
SIGNAL 



E§§) 



N 



N 



N 



N 



N 



N 



if 



N 



N 



N 



77-ln 



16 



3 (m+1/4)X 



DIRECTION OF 
RELATIVE MOVEMENT 



FIG.6 



FIG.7A 



SIN SIGNAL 
(LEVEL) 




POSITION 



FIG.7B 



COS SIGNAL 
(LEVEL) 




POSITION 



SIN DATA 



90° 





SECOND 


7 FIRST ! 




QUADRANT^_ 


___fQUADRANT ; 






/JANGLE \ \ 


180° 








THIRD 


'FOURTH '< 




QUADRANT 


QUADRANT ! 



NEGATIVE 
TRAVERSE 



INPUT RANGE 



AMPLITUDE 

POSITIVE 
TRAVERSE 



- COS DATA 



270° 



FIG.8 



COS DATA 
(10) 

p 



Ql(2) 



SIN DATA 
(10) 

Q 



QUADRANT DIVIDING 
SECTION 



21 



23 



\ 



RX(9) 



SECOND GRAY 
CODING 
SECTION 



y i 



RY(9) 



FIRST GRAY 
CODING 
SECTION 



(9) 



-22 



(9) 



POLAR COORDINATES ROM 



f 



24 



26 



\ 



(10) 



SECOND GRAY 
CODE DECODING 
SECTION 



(10) 



27- 



(6) 



FIRST GRAY / 
CODE DECODING 
SECTION 



25 



ANGLE DATA OF 
FIRST QUADRANT 



QUADRANT 
SYNTHESIS 
SECTION 



v 
O 

PERIMETER ANGLE 
DATA PI (12) 



v 
6 

AMPLITUDE 
DATA LI (6) 



FIG.9 




0 RX 511 

(Cos AXIS INPUT) 



FIG. 10 



LI 




0 RX 51 1 

(Cos AXIS INPUT) 



FIG.11 



• 



PERIMETER ANGLE 
DATA PI 



SMOOTHED ANGLE 
DATA PF 




PHASE ERROR 
INTEGRATOR 



FIG. 12 



ANGLE 
(POSITION) 



STAT 



DURING 
MOVEMENT 



WHEN 



ONARY 




INPUT 
SIGNAL 
(PI) 



WHEN 
STATIONARY 



STEADY-STATE 
PHASE ERROR 



OUTPUT 
SIGNAL 
(PF) 



TIME 



FIG. 13 



ANGLE 
(POSITION) 



DURING 
MOVEMENT. 



WHEN 
STATIONARY 




INPUT 
SIGNAL 
(PI) 



' \. OUTPUT 
SIGNAL 
(PF) 



FIG.14 



WHEN 
STATIONARY 



TIME 



INPUT 



FORWARD 
GAIN 



V 



v FEEDBACK 
B\ GAIN 



OUTPUT 



FIG. 15 




FIG.17 




FIG. 19 



PERIMETER 
ANGLE DATA 
PI 

Q 



+ v 



31— <$H 



<> PE 




r 



33 




FEED 
FORWARD 
GAIN GF 



SMOOTHED 
ANGLE DATA 
PF 

o 

n 



38 ~© 



36a 



vco 



FF 
(Z-1) 



36b 



A + 



n; 



34a 



FC 

-^<£)~ 35 



ii + 




VELOCITY 
ERROR DATA 
VEL 

o 

it 



39 



-36 



FF 

(z- 1 ) 



34b 



L. 



34 



VELOCITY 
-O CLEAR 
VCLR 



n + 



FIG.20 



z 
o 




LU 



< 



o 

DC 
CC 
LU 

UJ 

cn 
< 



o 

00 



o o 

CO 



ujcc 
cno 
<oc 

Q-LU 



CD 

CM 

CD 




CO 
LU 
DC 

CO 



go. 
OC_l 

Urn 
Q- 



qO 

go 
<li- 

io o- 





8 



3 Q - 



=3 
O 
Q. 



< 



Q 
O 

i 

o 

Q 
< 



ir 1 



< 7 C0 

Z<Ui 
OC5> 

LU O 

CO o 



CO 



a 



10 



10 



So 
OE 



A 
10 



> 0 

DC— CO 

<5oc 
S<UJ 

f?o> 
SF as 
°- o 
o 



CO 
CM 



10 



li 

OZ 

C/>° 



>- 
cc 



CM 



li 



Ul 

CO 



-o|| 



CO 



■o 



> 

uld> 



O 



2 



o 

o 
cc 



o 



CM 
< 



< 
CM 



< 
O 

o 



!5 9 



go: 

CC_| 

tun 

OS 



o 

UJ 

I- 

UJ 

o 

LU 

CO 

O 



CO 

CO 
UJ 
DC 
LU 
I- 

co 



o 
cr 

UJ 

> 
o 

CC 
O 
CC 

cr 

UJ 
UJ 

CO 

< 



< 



Q 
O 

I 

o 

Q 
Z 
< 



< 

> 
< 

cc 

Q. 



CM 



< 

CD 
> 
CC 

< 
a 

o 
o 

UJ 

CO 



CD 


O 


a 


UJ 






^- 




CM 


CM 


CM 


CM 


d 


d 


(5 


d 


Li. 


u. 


LL 


LL 



a 

CM 

d 



CM 

C5 



SMOOTHED 
ANGLE DATA 
PF 

o 



71 



X 



-T®-~70 



HYSTERESIS 
QUANTITY 
Hys 

o 



APF 



ABSOLUTE VALUE 
CONVERSION, 
POLARITY 



+ IF 



72 ~m 



AH 



0 

Q 



73 



X 



AH 



I APF I 



OUTPUT DIVISION 
NUMBER Div 

Q 

ALLOWABLE 
MINIMUM 
OUTPUT 
PULSE TIME 
DIFFERENCE 
PW 
o 



THROUGH RATE 
GENERATING 
CIRCUIT SR 



SR 



AH 



SR 



0 

o 



SR 



COMPARATOR 



MULTIPLEXER 



AH >SR 



10 



MAXIMUM 
-O THROUGH 
RATE SRmax 



/ 



74 



/ 



75 



AM 



ABSOLUTE 
VALUE INVERSE 



f 



AH <0 

76 



IN-HYSTERESIS 
IH 




LATCH 

(z- 1 ) 



o 

RESPONSE LIMITED 
ANGLE DATA PH 



FIG.25 




HYSTERESIS RANGE 
-Hys < APF < Hys 



FIG.26 



Sin AXIS 

JL 



PRECISION ACHIEVED WHEN HYSTERESIS 
. IS PROVIDED INDEPENDENTLY FOR 
INPUT . /' Sin SIGNAL AND Cos SIGNAL 

LISSAJOUS / V ^ PRECISION ACHIEVED WHEN HYSTERESIS 

IS PROVIDED FOR ANGLE DATA 

HYSTERESIS 
WIDTH PROVIDED 
IN SIN SIGNAL 

INPUT LISSAJOUS 

HYSTERESIS 
WIDTH PROVIDED 
IN COS SIGNAL 

► Cos AXIS 




FIG.27 



ORIGIN 
SIGNAL 

O 



REFERENCE 
QUADRANT 
SPECIFYING 
INFORMATION 

Q 

2 



IN-QUADRANT 

DIVISION 
NUMBER DATA 
DivL 



RESPONSE 
LIMITED 
ANGLE DATA 
PH 



87, 



O 



QUADRANT 
2 DATA 



COINCIDENCE 
DETECTION 
CIRCUIT 



REFERENCE 
QUADRANT 
PULSE 



82^ i 2 



10 



Q 



UP 2 



10 



16 
16 

DOWN 14 



83 



84 



2 DOWN 
4 2 
PC 

DOWN 2 



10 



5 K in 
ioV 24 



ADL DOWN 2 



DOWN 2 
AD 

2 



85 



INCREASE/DECREASE 
PULSE GENERATION 
CIRCUIT 



<> 2 



86 



INSIDE 
REFERENCE 
PULSE 



88 



UP 10 
UP 8 

ADL 

8 



ALL ZERO 
DECODING 
CIRCUIT 



IN-QUADRANT REFERENCE 
ADDRESS SIGNAL 



6 

REFERENCE 
ORIGIN PULSE 



6 

TWO-PHASE 
INCREASE 

AND 
DECREASE 
PULSE 



FIG.28 



ZQ 
<< 

£co 
Qco 

<LU 
OQ 
= < 



< 

CM 









CO 




CO 
CO 






CM 

CO 


CD 




CO 


10 




o 

CO 


^" 






CO 




CO 


CM 










CO 


o 




m 


CM 






CO 
CM 




CO 


CM 
CM 




CM 


CM 






O 
CM 




O 



_l 



u 



z< 

Ox 

zi- 
— a 
</>z 
</>uj 

HI -I 

ecu 
°£ 



UJ o 

CO ^ Q 

Edi CO 

at- »- 

s s ui E 

m O> 5 

Stg i 

nO s CO 

QfiOUJ |_ 

UJUjZ CO 

(fllO < 

\-rr UJ 



r 



UJ | UJ I 

<co m co 



Ul 

co< 

Iuj 



UJ 



UJ 

CO 



CD 

CM 



o 

CM 



OUJ m 

lEllJ 

a 

a 

a> 

CM 



CM 



OCO 
<t 
CO CO 



UJ 

o> 

CM 



<2 

ZO 
-LLU 



UJ_, 
CC< 

— S2 

DC CO 
i_CO 

zco 



CM 



Ui 
CO 



UJ 

a 

UJ 
DC 
UJ 
U. 
UJ 
OC 

UJ 

o 

CO 



CD 

CM 



(D CD CD CD CD CD CD 




go oz 

h-Z I— ^ 

oiij o2 

S> ±|L 

Ou. oo 

Q-O °- |_ 

—i I— _i = 

<=; <§ 

Off o£ 



111 2 

ZtilQ 

&SJ a 

UJJ<3 



LU 

c/>cl? 

fieri 



§3. 



LU : 
co- 



in 

a. a. 



a. a. 



CO CM i- o 

T-i-i-T-0>CON(Oin^COCNJt-0 
O.O.CLQ.Q.CLO.Q.a.Q.Q.0.0.0. 



CO CM t— O 

ri-i-rO>OONtOm^CO(NrO 

xxxxxxxxxxxxxx 
Q.Q.Q.Q.O.Q.Q.O.Q.Q.Q.Q.0.0. 



z > 

30) 

?> 



c/>3 



0)OON<OU)^WCNi-0 

JJJJJJJJJJ 

>>>>>>>>>> 

bbaoobbooo 



o)ooN(Din^n(Mi-o 
_j_j_i_i_j-J_i— i-J— 1 
>>>>>>>>>> 

5 b 5 5 a o 5 a a 5 



s 

< 



O 
< 
w CO 

> a 

5 Q 
m ^ 

I < 

S DC 

c/> 9 

CO +< 

ocoS 

<CO— ' 
qOCQ 

olOO. 
co<</> 

LUQLLI 

Ql-Q 
QOQ 
<Ui< 

§8§ 

o g 

55 <2 



> 



O 



> 
< 

LU 



> 



< 
DC 
Q 
< 



U. DC 

lOh 
|-UJ_I 
Z>C03 
O 2 



O)C0NtOU)^CO<M 
I I I I — I — I — I — I 

OOOOOOOO 
<<<<<<<< 

II II II II II II II ll 

C0CMi-O0)00N«0 
CMCICMCMi-i-i-T- 



LU 

CO 

<z 
o£ 

QDC 

DCQ- 
O 



i- o 

" -I 

a a 

< < 

ii ii 



OOOOOOOO 
O.Q.O.O.Q-O.Q.Q- 



Q Q 
0. O- 



fiF, ^ i- ST 00 3* in ^ co*CM 

oow ooooaooooo 

h-Z-J < <<<<<<<<< 

?8c A A JL JL J!sX JL JtX 
ooooaooooo 



i- o 

a a 
< < 

TTTT 



o> oo r- 
ooo 
<<< 

ii TfTF 



CD m ^ CO CM 

Q Q O O Q 
< < <^< < 

ii "Tf ii TTT 



°8 



in 

CM CM 

o o 

a. a. 



CO CM i- 
CM CM CM 
OOO 

0.0.0. 



© O) CO CO 

o o a 5 o 

O. Q- O. O. O. 



y- © 

o o 
< < 

II II 
in 

O O 

Q. O. 



i- o 

O O 

< < 

II ll 

in *r 

O a 
0. Q. 



CO 

£ ft 

a > 

Q 



00 CM i- O 



oooooooooooooa 

0.0.0.0.0.0.0.0.0.0.0.0.0.0. 



CO 

d 



CO CM i— O v ^-^ , — ^ ^-^ ^— v — ^ 

rrri - 0 )OON(DU)^C)CMi-0 

OQOOOOOOOOOOOO 
O.Q.Q.Q.O.Q.Q.O.Q.Q.Q.O.O.O. 



o 

CO 
CM 



o 

0iu 

> 
< 

5. 



CO 



CM 



CO 
CM 



l : 



< 



< 

cc 

Q 
< 

o 



LU 

CO 

UJ< 

LLlO 
CC< 



LU 
CO 



LU 



LU ^ 



:lu 
"cc 

LU 
LL 
LU 
OC 



g 

CO 

z 
g 

DC 

o 



< CD 
CM CM 
CO CO 



O Q 

CM CM 
CO CO 



LU 
LUCO 
O-l 

UJQ. 

=1 



LU 
CM 
CO 



CD CD CD CD CD 



